(12) United States Patent

Sasao et al.

US006454177B1

US 6,454,177 B1
Sep. 24, 2002

(10) Patent No.:
45) Date of Patent:

(54) AIR-CONDITIONING CONTROLLING
SYSTEM

(75) Inventors: Keiji Sasao, Tsuchiura; Tadakatsu
Nakajima, Chiyoda, both of (JP)

(73) Assignee: Hitachi, Ltd., Tokyo (JP)

(*) Notice: Subject to any disclaimer, the term of this

patent 1s extended or adjusted under 35
U.S.C. 154(b) by O days.

(21) Appl. No.: 09/801,700
(22) Filed: Mar. 9, 2001
(30) Foreign Application Priority Data

FOREIGN PATENT DOCUMENTS

IP 06-159751 *
IP 10-292943 *

7/1994
4/1998

............ F24F/11/02
............. F24E/7/06

* cited by examiner

Primary Examiner—William Wayner
(74) Attorney, Agent, or Firm—Antonelli, Terry, Stout &
Kraus, LLP

(57) ABSTRACT

An air-conditioning operation management company pro-
vides control i1nformation concerning air-conditioning
equipments to a plurality of semiconductor manufacturing
factories. The air-conditioning operation management com-
pany stores a measured result of an outside-air condition
measuring unit 1n a past outside-air condition record data-
base and obtains forecasted maximum temperature informa-

Sep. 18, 2000 (JP) eveveeeeeeeeeeeeeee e, 2000-286855 _ tu]
tion on-that day from a weather forecast providing system.
(51) Imt. CL7 ..., HO02J 1/00; GOIM 1/38 An outside-air condition transition forecasting unit forecasts
(52) US.CL .., 236/46 R; 236/51; 236/94, all, transition of the outside-air condition on that day on the
3077/39; 700/277 basis of the forecasted maximum temperature information.
(58) Field of Search ................................ 700/277, 291,  Information stored 1 an air-conditioning thermal load
700/295; 307/39; 236/46 R, 51, 91 C, 94, database, an air-conditioning equipment characteristic data-
44 R base and a set-temperature-and-humidity-of-air-
conditioning-equipment database are employed to provide
(56) References Cited an optimum operation method of the air-conditioning equip-

ments to the semiconductor manufacturing factories.

U.S. PATENT DOCUMENTS Further, a forecasted result of an outside-air condition

4314454 A * 2/1982 Kamejima et al. ........ 62/201 X transition, an analyzed result of an air-conditioning thermal
4897798 A * 1/1990 Cler ...covvuuneunnenn... 236/46 R X load and an analyzed result of a controlling method are
5927598 A * 7T/1999 Broe .....cocoevrinninnnnnn. 307/39 X displayed 1n customer terminals.
6,178,362 B1 * 1/2001 Woolard et al. ............ 700/295
6,241,155 B1 * 6/2001 Weng ...ccccovevvvenennnnnnn. 236/477 11 Claims, 9 Drawing Sheets
OUTSIDE-AIR (_START _)~~200
CONDITION
RECORD ON
PREVIOUSDAY/  READ INDATAON
25“’“‘ = 7/ PREVIOUS DAY /L«zoz
READ IN MAXIMUM TEMPERATURE
30~ '/ FORECASTED ON THAT DAY /ZA 04
FORECAST AND ANALYZE
TRANSITION OF OUTSIDE-AR ~ |—— 206
CONDITION ON THAT DAY
READ IN AIR-CONDITIONING
28— * I '/THEHMAL LOAD ON PREVIOUS DAY /‘“ 208
ANALYZE AR-CONDITIONING | _—_ 513
THERMAL LOAD

26 READ IN CHARACTERISTICS OF 519
AIR-CONDITIONING EQUIPMENT
READ IN SET TEMPERATURE AND
27 HUMIDITY OF AIR-CONDITIONING 214
EQUIPMENT

ANALYZE ENERGY SAVING
OPERATION METHOD OF
AIR-CONDITIONING EQUIPMENT

216

DISPLAY FORECASTED RESULT OF QUTSIDE-AIR
CONDITION ON THAT DAY AND ENERGY SAVING
OPERATION METHOD CF AIR-CONDITIONING
EQUIPMENT IN CUSTOMER TERMINALS

| ST

( END 250

2A,2B — -—— — 218




d¢ dt ab Vé VE Vv

I g,

US 6,454,177 B1

W 8_; gl N @ Vi N @

X0l

L Ol

U.S. Patent

At



U.S. Patent Sep. 24, 2002 Sheet 2 of 9 US 6,454,177 Bl

OUTSDEAR 200
CONDITION
RECORD ON
PREVIOUSDAY/  READINDATAON
25 PREVIOUS DAY 202

READ IN MAXIMUM TEMPERATURE 504
FORECASTED ON THAT DAY

oy
-

FORECAST AND ANALYZE
TRANSITION OF QUTSIDE-AIR 206
CONDITION ON THAT DAY

READ IN AIR-CONDITIONING
THERMAL LOAD ON PREVIOUS DAY

ANALYZE AIR-CONDITIONING 210
THERMAL LOAD

READ IN CHARACTERISTICS OF
AIR-CONDITIONING EQUIPMENT

28 208

26 212

READ IN SET TEMPERATURE AND
HUMIDITY OF AIR-CONDITIONING 214
EQUIPMENT

27/

ANALYZE ENERGY SAVING
OPERATION METHOD OF
AIR-CONDITIONING EQUIPMENT

216

DISPLAY FORECASTED RESULT OF OUTSIDE-AIR
CONDITION ON THAT DAY AND ENERGY SAVING
OPERATION METHOD OF AIR-CONDITIONING 218

EQUIPMENT IN CUSTOMER TERMINALS

i i

2A,28

END 250



US 6,454,177 B1

Sheet 3 of 9

Sep. 24, 2002

U.S. Patent

d9 9c d9f gv VS Vé V& V7V
d. Vi
e o
o8 g DS LIl L ...'-ﬂ L
|
. l‘ <9‘§‘
dct Vel
dlL 98 vi V8

X RS

L1

01~

G¢ Xve (&b Ve

128926 [OO00 ]
S

X0l v

£ Old



U.S. Patent Sep. 24, 2002 Sheet 4 of 9 US 6,454,177 Bl

FIG. 4
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FIG. 7
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FIG. ©

SEMICONDUCTOR MANUFACTURING FACTORY A DATEAND TIME
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AIR-CONDITIONING CONTROLLING
SYSTEM

BACKGROUND OF THE INVENTION

The present invention relates to an air-conditioning con-
troller system, and more particularly to an air-conditioning
controlling system suitable for a semiconductor manufac-
turing factory.

In the factory in which semiconductor products such as
memories and LSIs are manufactured, in order to improve
the quality of the products, the products are manufactured
within a clean room shielded from the outside environment.
A high-performance filter 1s used in the clean room to
remove floating dust 1n the air and the air-conditioning
system realizes a suitable environment in temperature and
humidity for manufacturing of the products.

When the clean room 1s air-conditioned, a large amount of
clectric power 1s required for the air-conditioning and gen-

cration of air stream. In order to save energy in the air-
conditioning of the clean room, JP-A-10-292943 discloses
that a condition of the outside air 1s measured to calculate a
temperature of a cooling liquid required for operation of an
outside air-conditioning unit and an inside air-conditioning
unit on the basis of the measured result so that a refrigerator
1s operated at the calculated temperature. Further, 1n order to
reduce the cost of the clean room facilities and save energy
thereof, JP-A-6-159751 discloses that an outlet for blowing
an air stream covering an apparatus 1s disposed opposite to
the apparatus and inlets for sucking the air are disposed
around the apparatus.

In the air-conditioning system 1n a semiconductor manu-
facturing factory, two kinds of air-conditioning loads includ-
ing a cooling load varied depending on an amount of
semiconductors to be manufactured and a cooling load
varied depending on a condition of the outside air are
ogenerated. Accordingly, only when the condition of the
outside air 1s measured to control the air-conditioning or
only when the air-conditioning 1s controlled 1n accordance
with the amount of semiconductors to be manufactured, only
one load 1s considered and accordingly the estimation of the
cooling loads 1s not sufficient.

In the above JP-A-10-292943, since the air-conditioning
1s controlled in accordance with the condition of the outside
air, the energy can be saved to some extent but some
equipment cannot be turned on and off frequently and it 1s
insufficient to predict operation of such equipment. Further,
mn JP-A-6-159751, the stream of air 1n the clean room 1s
improved but 1t 1s not considered that the condition of the
outside air 1s predicted to save energy. In addition, both of
the above pubhcatlons do not consider that electric energy 1s
utilized effectively to reduce the discrepancy between a
power generation plan of a power generation company and
an amount of actually used electric power.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention to
save energy 1n an air-conditioning system used 1n a factory
in which a large amount of energy 1s used such as, for
example, a semiconductor manufacturing factory. Further, it
1s an object of the present invention to save energy in an
energy supply company that supplies energy to such a
factory.

In order to achieve the above objects, according to the
present invention, 1n an air-conditioning controlling system
for providing a controlling method of an air-conditioning
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2

equipment including a number of control components to a
factory or company provided with the air conditioning
equipment from an operation management company, air-
conditioning thermal loads i1n the factory or company are
classified into loads depending on an outside-air condition
and loads based on a product plan and the operation man-
agement company provides the method of controlling the
components constituting the air-conditioning equipment
with the loads depending on the outside-air condition on the
basis of a forecasted outside-air condition on that day
calculated from past outside-air condition records on and
before the previous data at least and of controlling the
components constituting the air-conditioning equipment
with the loads based on the product plan in substantially the
same condition as on the previous day, to the factory or
company.

Further, 1t 1s preferable that the operation management
company includes a past outside-air condition record data-
base 1 which past records of outside-air conditions on and
before the previous day are stored and an air-conditioning
thermal load database and predicts loads depending on
outside-air conditions on that day on basis of a forecasted
maximum temperature on that day obtained from weather
forecast providing means through a network, past outside-air
condition record data and load data on and before the
previous day.

The operation management company may sequentially
corrects a coeflicient in a temporal variation term of a
forecast equation for outside-air temperature and humidity
on the basis of a time change rate of a measured value of an
outside-air temperature on that day when a difference
between the time change rate of the measured value of the
outside-air temperature on that day and a time change rate of
a transition value of a forecasted outside-air temperature 1s
larger than a predetermined permissible value.

In order to achieve the above objects, according to another
aspect of the present invention, in an air-conditioning con-
trolling system 1n a semiconductor manufacturing factory
connected to an operation management company through a
network, the operation management company includes fore-
cast means for forecasting a transition of an outside-air
condition on that day, air-conditioning thermal load predict-
ing means for predicting an air-conditioning thermal load,
means for analyzing an air-conditioning controlling method,
means for collecting and adding amounts of energy used,
and a first local network for connecting the above-mentioned
means and the semiconductor manufacturing factory
includes means for measuring an outside-air condition,
customer terminals, means for measuring an amount of
energy used, means for measuring temperature and pressure
of air-conditioning equipments, a second local network for
connecting the measuring means, and air-conditioning
equipments for air-conditioning semiconductor manufactur-
ing facilities. A past outside-air condition record database,
an air-conditioning equipment characteristic database, a
set-temperature-and-humidity-of-air-conditioning-
equipment database and an air-conditioning thermal load
database are connected to any of the first or second local
network. Weather forecast providing means 1s connected to
the first local network through the internet or a public
network. Results measured by the outside-air condition
measuring means are stored in the past outside-air condition
record database. The outside-air condition transition fore-
casting means forecasts a transition i1n future of an outside-
air condition on the basis of information stored in the past
outside-air condition record database and information pro-
vided by the weather forecast providing means. Information
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of thermal loads generated in the semiconductor manufac-
turing facilities 1s stored 1n the air-conditioning thermal load
database. The air-conditioning thermal load predicting
means predicts a thermal load 1n future 1n the semiconductor
manufacturing factory on the basis of information acquired
from the outside-air condition transition forecasting means
and the air-conditioning thermal load database through the
first local network. Set values of temperature and humidity
of the air-conditioning equipments are stored in the set-
temperature-and-humidity-of-air-conditioning-equipment
database. The air-conditioning controlling method analyzing
means analyzes the controlling method of the air-
conditioning equipments on the basis of information
acquired from the air-conditioning thermal load predicting
means, the air-conditioning equipment characteristic data-
base and the set-temperature-and-humidity-of-air-
conditioning-equipment database. The customer terminals
display at least one of information acquired from the
outside-air, condition transition forecasting means, the air-
conditioning thermal load predicting means and the air-
conditioning controlling method analyzing means through
the 1nternet or the public network. The outside-air condition
measuring means, the past outside-air condition record
database, the weather forecast providing means, the outside-
alr condition ftransition forecasting means, the air-
conditioning thermal load database, the air-conditioning
thermal load predicting means, the air-conditioning equip-
ment characteristic database, the set-temperature-and-
humidity-of-air-conditioning-equipment database, the air-
conditioning controlling method analyzing means and the
terminal units are connected through the internet or the
public network.

Further, it 1s preferable that the semiconductor manufac-
turing factory includes controlling method storing means for
storing an analyzed result of the air-conditioning controlling
method analyzing means and controlling means for acquir-
ing information stored in the controlling method storing
means and preferably controls the air-conditioning
cquipment, and the controlling method storing means and
the controlling means are connected to the second local
network.

Moreover, it 1s preferable that the semiconductor manu-
facturing factory includes the past outside-air condition
record database, the air-conditioning equipment character-
istic database, and the set-temperature-and-humidity-of-air-
conditioning-equipment database, and the databases are
connected to the second local database. It 1s preferable that
the operation management company 1s connected to the
internet or the public network so that the management
company can acquire information stored in the databases.

It 1s preferable that the semiconductor manufacturing
factory includes the means for measuring an amount of
energy used in the air-conditioning equipment, and the
operation management company includes amount-of-
energy-used collection and addition means for collecting
and adding a measured result of the amount-of-energy-used
measuring means. The amount-of-energy-used measuring
means and the amount-of-energy-used collection and addi-
fion means are connected through the internet or the public
network. An amount of energy used collected and added by
the amount-of-energy-used collection and addition means
can be displayed in the terminal unit.

When a difference between information forecasted by the
outside-air condition transition forecasting means and 1nfor-
mation measured by the outside-air condition measuring
means e€xceeds a predetermined permissible value, the
outside-air condition transition forecasting means preferably

10

15

20

25

30

35

40

45

50

55

60

65

4

corrects a forecasting method. Selectively 1nputting means
capable of changing display contents in the terminal unit
may be provided.

The semiconductor manufacturing factory may pay an
amount of money obtained by multiplying a difference
between an amount of energy used in the semiconductor
manufacturing factory, previously obtained before imple-
mentation of the air-conditioning control and an amount of
energy used upon the air-conditioning control, obtained by
the amount-of-energy-used collection and addition means
by a charge rate as an operation management charge to the
operation management company. The semiconductor manu-
facturing factory may pay an amount of money correspond-
ing to a value obtained by multiplication of a period that the
air-conditioning 1s 1mplemented, the number of air-
conditioning equipments and a predetermined charge rate to
the operation management company.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram schematically illustrating an
embodiment of an air-conditioning controlling system
according to the present 1nvention;

FIG. 2 1s a flow chart showing air-conditioning control 1n
the embodiment shown 1n FIG. 1;

FIG. 3 1s a block diagram schematically illustrating
another embodiment of an air-conditioning controlling sys-
tem according to the present invention;

FIG. 4 1s a flow chart showing air-conditioning control 1n
the embodiment shown 1n FIG. 3;

FIG. 5 1s a flow chart showing a collection method of
predicting section for predicting a transition of a condition
of the outside air;

FIG. 6 shows an example of a format of a database for
storing the condition of the outside air;

FIG. 7 shows a past outside-air condition record displayed
in a computer terminal as an example;

FIG. 8 shows an operation state of an air-conditioning,
cquipment displayed 1n the computer terminal as an
example;

FIG. 9 shows a state of energy used 1n an air-conditioning,
equipment displayed i1n the computer terminal as an
example; and

FIG. 10 1s a block diagram schematically illustrating an
embodiment of an air-conditioning equipment 1n semicon-
ductor manufacturing facilities according to the present
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Embodiments of the present invention are now described
with reference to the accompanying drawings. FIG. 1 1s a
block diagram schematically illustrating an embodiment of
an air-conditioning controlling system according to the
present 1nvention. FIG. 2 1s a flow chart showing air-
conditioning control in the embodiment shown 1n FIG. 1.
The air-conditioning controlling system shown in the
embodiment comprises a management company X for air-
conditioning operation and a plurality of semiconductor
manufacturing factories 1A, 1B . which are air-
conditioned using electric power and information provided
by the management company X.

The management company X 1s connected to the semi-
conductor manufacturing factories 1A, 1B, . . . through
information transmission and reception sections 13 and a
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network 10 such as the internet, for example. The manage-
ment company X 1s also connected to weather forecast
providing section 30 through information transmission and
reception section 14 and a network 11. The management
company X includes a local network 10X, to which sections
for predicting or analyzing air-conditioning loads, such as
the information transmission and reception sections 13 and
14, section 21 for forecasting transition of a condition of the
outside air, section 22 for predicting thermal loads of air-
conditioning operation, section 23 for analyzing an air-
conditioning controlling method and section 24 for collect-
ing and adding amounts of energy used are connected. The
sections 21 to 24 are controlled by a personal computer 20.

Further, connected to the local network 10X are a past
outside-air condition record database 25 1n which conditions
of the outside-air are stored, an air-conditioning equipment
characteristic database 26 1n which information concerning
air-conditioning equipments 1s stored, a set-temperature-
and-humidity-of-air-conditioning-equipment database 27 1n
which set values for air-conditioning are stored, and an
air-conditioning thermal load database 28 1n which thermal
loads of air-conditioning are stored.

On the other hand, the semiconductor manufacturing
factories 1A, 1B . . . are also provided with local networks
10A, 10B . . . Information transmission and reception
section 12A for transmitting and receiving information
between the local network 10A and the network 10 1s
connected to the local network 10A. A customer terminal 2A
used by a worker mm the semiconductor manufacturing
factory 1A, section 3A for measuring a condition of the
outside air, section 4A for measuring an amount of energy
used, section S5A for measuring temperature and pressure of
an air-conditioning equipment, and an air-conditioning
equipment 7A are connected to the local network 10A. Even
in other semiconductor manufacturing factories 1B . . ., the
same sections as described above are connected to the local
network 10B . . . similarly.

As an example of the semiconductor manufacturing fac-
tory included 1n the air-conditioning system thus structured,
FIG. 10 illustrates a semiconductor manufacturing factory
including a clean room. In FIG. 10, the air-conditioning
cquipment measuring section 5A and the air-conditioning
cequipment 7A are illustrated 1n detail. A duct 93 for 1ntro-
ducing the outside air 1s attached to a clean room 95
disposed to cover a semiconductor manufacturing line. A
blower 90, a humidifier 81, a cooling coil 41 and a heater 82
are disposed 1n the duct 93 1n order of this description from
the outside-air side. These elements are integrated to be
accommodated 1n one casing and named an outside air-
conditioning unit.

The clean outside air having a proper humidity and
temperature led to the clean room 95 through the duct 93
flows down 1nto the clean room as a substantially uniform
down-flow 96 from a fan 94 disposed 1n an upper portion of
the clean room. The down-flow 96 cools semiconductor
manufacturing apparatuses 43 disposed 1n the clean room 95
and then flows 1mnto a space 97 formed under a floor from
gaps of a grating formed 1n the floor of the clean room 935.

Part of the flow flowing into the space 97 under the floor
1s cooled by a dry-cooling coil 42 and becomes the down-
flow 96 to the clean room 935 together, with the outside air
again. The remaining flow of the down-flow 96 flowing into
the space 97 under the tloor 1s discharged to the outside from
an outlet as high-temperature exhaust air 92. Harmful gas 91
generated by the semiconductor manufacturing apparatuses
43 1s fed to a processing unit not shown from the outlet.
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In order to keep the clean room 95 to a proper temperature
and humidity environment, the clean room 95 1s provided
with an air-conditioning and humidity controller addition-
ally. The humidifier 81 and the heater 82 disposed in the duct
93 for introducing the outside air into the clean room 95 are
fed with high-temperature stecam from a boiler 80. Further,
in order to remove or radiate heat generated by the semi-
conductor manufacturing apparatuses 43, a circulation path
in which circulating water flows 1s disposed within the
semiconductor manufacturing apparatuses 43. A cooling
water pump 62 and a heat exchanger 70 for exchanging heat
ogenerated by the semiconductor manufacturing apparatuses
43 with cooling water are disposed on the way of the
circulation path.

In order to cool air heated by air-conditioning the inside
of the clean room 95, the circulation path in which circu-
lating water flows passes through the dry-cooling coil 42. A
dry-coil type cooling water pump 63 and a dry-coil cooling
water type heat exchanger 71 are disposed 1n the circulation
path. The heat exchanger 71 heat-exchanges the circulating
water passing through the dry-cooling coil 42 with cooling
water described below.

Water stored 1n a cooling water pool 50 1s fed to a plurality
of refrigerators Sla, 51b, . . . , 51n by a plurality of primary
cooling water pumps 60a, 60b, . . . , 60n, respectively, and
returned to the cooling water pool 50 after cooled by the
refrigerators S1a, 51b, . . . , 51n. The water cooled by the
refrigerators S1a, 51b, . . . , 51n and stored 1n the cooling
water pool 50 1s pumped up by a plurality of secondary
cooling water pumps 61a, 61b, . . ., 61k to a header 52 for
feeding cooled water having fixed pressure to portions
where the cooled water 1s used for cooling.

The cooled water fed to the header 52 takes heat of air
heated by air-conditioning the clean room 95 and the semi-
conductor manufacturing apparatuses 43 from the water
circulating 1n the semiconductor manufacturing apparatuses
43 and the dry-cooling coil 42, so that the cooled water 1s
heated. Further, mn order to cool pure water 40 used 1n the
semiconductor manufacturing apparatuses 43 and the like,
the cooled water 1s fed to a pure-cooling-water heat
exchanger 72 from the header 52. The pure water cooled by
heat exchange with the cooled water 1s sent by a pure water
pump 64 to the portions where the pure water 1s used.

The cooled water cools the circulating water and the pure
water 1n the heat exchangers 70, 71 and 72 to be heated to
a high temperature and 1s returned to the cooling water pool
50. A return inlet to the cooling water pool 50 of the
high-temperature water pumped up by the primary cooling
water pumps 1s separated from an intake to the refrigerators
of the water cooled by the refrigerators S1a, 51b, . . ., 51n
so that the high-temperature water and the cooled water are
not mixed.

In the embodiment thus structured, the cooled water fed
to the cooling coil 41 1s heat-exchanged with the outside air
fed from the blower 90 1 the cooling coil 41 to cool the
outside air and remove humidity therefrom. When the tem-
perature and the humidity of the outside air are lower than
a prescribed value, 1t 1s not necessary to cool the outside air
and remove humidity therefrom and accordingly supply of
the cooling water to the cooling coil 41 1s stopped. Further,

when 1t 1s necessary to humidify and heat the outside air,
stcam generated by the boiler 80 1s led to the humidifier 81
and the heater 82.

Moreover, when harmiul gas 1s generated in the manu-
facturing process of the semiconductor manufacturing appa-
ratuses 43, the generated harmful gas 1s discharged to the
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outside of the clean room, while the outside air equal 1n
quantity to the discharged gas and the air heated by air-
conditioning of the clean room and discharged to the outside
1s 1ntroduced from the outside air-conditioning unit. The
reason why part of the air-conditioned air 1s discharged to
the outside is that 1t 1s prevented to increase a load on the
dry-cooling coil 42.

The cooled load source 1n the semiconductor manufac-
turing factory shown 1n FIG. 10 includes the semiconductor
manufacturing apparatuses 43, the dry-cooling coil 42, the
cooling coil 41 of the outside air-conditioning unit and the
pure water 40. The heated load source includes the humaidi-
fier 81 and the heater 82. An amount of heat generated in the
semiconductor manufacturing apparatuses 43 and an amount
of heat generated in the heat exchange (heat exchanger duty)
in the dry-cooling coil 42 among the cooled load generated
from the cooled load source depend on an amount of
manufactured semiconductor products, that 1s, the number of
the semiconductor manufacturing apparatuses 43 and the
rate of operation thereof. The amount of manufactured
semiconductor products 1s based on a manufacture plan and
1s not related to the season.

On the contrary, the amount of heat generated 1n the heat
exchange 1n the cooling coil 41 of the outside air-
conditioning unit and the cooled load on the pure water 40
depend on the condition of the outside air. That 1s, when the
temperature of the outside air and the humidity are high, the
load to be cooled 1s increased and when the temperature and
the humidity of the outside air are low, the load to be cooled
1s reduced. Accordingly, the load 1s varied greatly depending
on the seasons and 1n a day. For the cooling coil 41, the load
variation depending on the seasons and 1n a day 1s particu-
larly remarkable.

In order to cope with the variation of the load as minutely
as possible for the load varied depending on the temperature
of the outside air, that 1s, the load varied depending on the
scasons, a plurality of heat source apparatuses or heat
conveying or transmission apparatuses such as the refrig-
erators 51, the primary cooling water pumps 60 and the
secondary cooling water pumps 61 are disposed. The num-
ber of the apparatuses to be installed 1s set so that the ability
thereof 1s not msufficient even for the maximum load when
all of the apparatuses are operated.

The method of controlling the apparatuses such as the
heat source apparatuses and the pumps 1n the embodiment
shown 1 FIG. 10 1s now described as compared with the
prior art. In a conventional semiconductor manufacturing,
factory, a worker decides the number of apparatuses to be
operated on that day on the basis of his past experience and
operates or stops the apparatuses by hand at the commence-
ment time 1n the morning. In this case, the number of
apparatuses to be operated 1s decided large so that a margin
1s contained to some extent so as not to lack the amount of
cooling and heating generated by the heat source appara-
tuses. The reason 1s that a failure of the air-conditioning
system directly influences the yield in manufacturing of
semiconductors and great economical damage 1s suffered.

In such an operation method, a large amount of cooling
and heating 1s fed as compared with the load to be cooled.
That 1s, since more heat source apparatuses such as the
refrigerators and more heat conveying apparatuses such as
the pumps than required for the load to be cooled are
operated, energy 1s used vainly by an excessive amount.
Further, since the heat source apparatuses are operated 1n the
state of a small load factor when more heat source appara-
tuses are operated than required for the load to be cooled, the
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eficiency of the apparatuses 1s reduced and energy 1s used
vainly even 1n this aspect.

Accordingly, in the embodiment, the air-conditioning load
1s controlled on the basis of information on the previous day
to thereby save energy. More particularly, as 1llustrated 1n
FIGS. 1 and 2, when the air-conditioner controlling service
of the management company X for air-conditioning opera-
tion is started (step 200), the personal computer 20 reads in
past record mnformation such as temperature and absolute
humidity on the previous day from the past outside-air
condition record database 25 (step 202). Measured values of
the conditions of the outside air on and before the previous
day or information of the conditions of the outside air
obtained by the weather forecast providing section 30 on and
before the previous day are stored in the past outside-air
condition record database 235.

Then, the personal computer 20 acquires the maximum
temperature forecasted on that day from the weather forecast
providing section 30 (step 204). The outside-air condition
forecasting section 21 forecasts transition of the outside-air
conditions on that day on the basis of the past record
information of the condition of the outside air on the
previous day and the forecasted maximum temperature on
that day. In the two confinuous days, a difference in the
absolute humidity between the first day and the second day
1s small generally. Accordingly, when the transition of the
absolute humidity of the outside air on that day 1s forecasted,
the record of the absolute humidity of the outside air on the

previous day, for example, 1s used as it 1s.

On the other hand, a difference 1n the temperature of the
outside air between the first and second days 1s different
depending on the day. However, the tendency of variation in
temperature 1n a day, for example, a time that the maximum
temperature 1s reached, has a small difference between the
first and second days. Thus, an outside-air temperature
record curve on the previous day 1s corrected to be shifted
by a difference between the forecast maximum temperature
on that day and the maximum temperature on the previous
day. Consequently, the transition in temperature of the
outside air on that day can be forecasted.

When the forecast of the transition of the outside-air
condition (step 206) is ended, the personal computer 20
reads 1n the air-conditioning thermal load on the previous
day from the air-conditioning thermal load database 28 (step
208) and the air-conditioning thermal load predicting section
22 predicts the air-conditioning thermal load on that day on
the basis of the air-conditioning thermal load obtained and
the forecasted result of the transition of the outside-air
condition on that day (step 210).

When the air-conditioning thermal load 1s predicted, the
prediction method described below 1s used. Records of
thermal loads of the facilities to be air-conditioned are
previously stored in the air-conditioning thermal load data-
base 28. In the case of the embodiment shown 1n FIG. 10,
the load to be cooled for the semiconductor-manufacturing
apparatuses 43, the dry-cooling coil 42, the cooling coil 41
and the pure water 40 and the load to be heated for the
humidifier 81 and the heater 82 are stored.

The thermal load information stored in the air-
conditioning thermal load database 28 is classified into the
information depending on the outside-air condition and the
information independent of the outside-air condition. The
cooling coil 41 and the pure water 40 are the air-
conditioning thermal load sources depending on the outside-
air condition as described above. The air-conditioning ther-
mal load curve on the previous day for these air-conditioning
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thermal loads depending on the outside-air condition 1is
corrected by a difference 1n the outside-air condition
between the forecasted result of the transition on that day
and the measured result on the previous day.

On the other hand, the semiconductor manufacturing
apparatuses 43 and the dry-cooling coil 42 are the air-
conditioning thermal load independent of the outside-air
condition since the semiconductor manufacturing line 1s 1n
operation the whole year and contents of the semiconductor
manufacturing apparatuses are not changed. Accordingly,
the air-conditioning thermal load thereof depends on an

amount of semiconductors manufactured but the air-
conditioning load on the semiconductor manufacturing
apparatuses independent of the outside-air condition 1s
regarded to be the same as the air-conditioning thermal load
on the previous day in almost all days.

After the air-conditioning thermal load on that day has
been analyzed, the personal computer 20 reads 1n the char-
acteristics of the air-conditioning equipments such as partial
load characteristic of the refrigerator from the air-
conditioning equipment characteristic database 26 (step
212). Further, the personal computer reads in information
such as a set temperature and humidity of the clean room
from the set-temperature-and-humidity-of-air-conditioning-
equipment database 27 (step 214). The air-conditioning
controlling method analyzing section 23 analyzes an energy
saving operation method so that an amount of energy used
in the semiconductor manufacturing factory 1s minimized on
the basis of the information and the set temperature and
humidity of the air-conditioning equipments read in from the

database and the predicted result of the air-conditioning
thermal load on that day (step 216).

The operation management company X transmits the
various 1nformation thus obtained, to the semiconductor
manufacturing factories 1A, 1B, . . . which are customers
from the information transmission and reception sections 13
through the internet 10. In the customers, the information 1s
received by the imformation transmission and reception
sections 12A, 12B, . . . and read 1n the customer terminals
2A, 2B, .. .tobe displayed (step 218). Information including
the forecasted result of transition in the outside-air condition
on that day and the analyzed result of the method of
controlling the air-conditioning equipment are displayed in
the customer terminals 2A, 2B, . . . In the semiconductor
manufacturing factories 1A, 1B, . . ., controller 6A, 6B, . . .
for the air-conditioning equipments are directly controlled
from the customer terminals 2A, 2B, . . . on the basis of the
displayed information or valves are opened or closed by
hand. The worker may operate the controllers 6A, 6B, . . .
on the basis of the mmformation displayed in the customer
terminals. In this case, there 1s a merit that the controllers
can be disposed near the air-conditioning equipments.
Operation portions of the controllers 6A, 6B, . . . or the
air-conditioning equipments 7A, 7B, . . . are operated to
thereby complete daily operation of the air-conditioning
equipments (step 250).

The amount-of-energy-used measurement sections 4A,
4B, measures amounts of energy used 1n the air-conditioning
cquipments 7A, 7B, . . . at mtervals of predetermined time
and transmit the measured results of the amounts of energy
used to the amount-of-energy-used collection and addition
section 24 through the information transmission and recep-
fion sections 12, 13 automatically or by hand. The amount-
of-energy-used collection and addition section 24 stores the
measured result 1n an amount-of-energy-used database 24X.

In the embodiment of FIG. 1, the outside-air condition
transition forecasting section 21, the air-conditioning ther-
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mal load predicting section 22, the energy-saving-operation-
method-of-air-conditioning equipment analyzing section 23
constituting the air-conditioning controlling method analyz-
ing section, the amount-of-energy-used collection and addi-
fion section 24, the past outside-air temperature record
database 25, the air-conditioning equipment characteristic
database 26, and the set-temperature-and-humidity-of air-
conditioning-equipment database 27 are all connected to the
local network 10x owned by the operation management
company X, although some or all of them may be connected
to a public communication network directly. Further, the
databases may be connected to the local network of the
semiconductor manufacturing factories. In this case, the
security of the customer information 1s apt to be kept.

Similarly, in the embodiment, the customer terminals 2A,
2B, . . ., the outside-air condition measuring sections 3A,
3B, . .., the amount-of-energy-used measurement sections
4A, 4B, . . . , the air-conditioning equipment measuring
sections 5A, 5B, . . ., and the air-conditioning equipments
7A, 7B, . . . are connected to the local networks 10A, 10B,
. . . provided 1n the semiconductor manufacturing factories
1A,1B, ..., although some or all of them may be connected
to the public communication network directly.

FIGS. 3 and 4 illustrate another embodiment of the
present mvention. FIG. 3 1s a block diagram 1llustrating the
air-conditioning system. FIG. 4 1s a flow chart showing
processing contents of the embodiment 1llustrated 1n FIG. 3.
The embodiment 1s different from the embodiment shown 1n
FIG. 1 in that the semiconductor manufacturing factories
1A, 1B, . . . include air-conditioning equipment control
databases 8A, 8B, . . . and controllers 6 A, 6B, . . . connected
to the local networks 10A, 10B, . . . The air-conditioning
equipments 7A, 7B, . . . are connected to the controllers 6 A,
6B, , respectively. With this difference in the
conflguration, after the air-conditioning control information
has been displayed 1n the customer terminal 2, the informa-
fion can be outputted to the air-conditioning control data-

bases 8A, 8B, . . . (step 420).

More particularly, the control method of the. air-
conditioning equipments obtained by using the air-
conditioning controlling method analyzing section 23 1is
stored 1n the air-conditioning control databases 8A, 8B, . . .
in step 420. The controllers 6A, 6B, . . . obtain information
of the air-conditioning equipment control databases 8A, 8B,

. . through the local networks 10A, 10B, . . .The air-
conditioning equipments 7A, 7B, . . . are controlled on the
basis of the obtained information. According to the
embodiment, the operation that the worker controls the
air-conditioning equipment manually or by using the cus-
tomer terminal after the worker has confirmed display 1n the
customer terminal can be omitted, so that operation of the
air-conditioning system can be automated.

Further, operation records of the apparatuses constituting
the air-conditioning system such as the refrigerators 51a,
51b, . . ., 51n and the secondary cooling water pumps 614,
615, ..., 61% can be stored 1n the databases 8A, 8B, .. . and
operation times of the apparatuses can be calculated so that
the apparatuses can be operated on the average. With such
measures, it can be prevented that operation i1s concentrated
to only a particular equipment and the life of the equipments
can be made to substantially the same. Consequently, the
apparatuses can be maintained at substantially the same
fiming.

Further, the operation management company X can obtain
charges for management based on operation times from the
semiconductor manufacturing factories 1A, 1B, . . . This
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management charges are calculated by multiplying a charge
rate by a difference between an amount of used energy
previously obtained before implementation of the air-
controlling control and an amount of used energy when the
air-conditioning control described in the embodiment 1s
performed. When 1t 1s difficult to calculate the operation
fime exactly, the number of days or control time that the
control described 1n the embodiment 1s performed 1s multi-
plied by the number of controllers to thereby calculate the
management charges 1n brief.

FIG. 5 shows a method of correcting the outside-air
condition transition forecasting method of the outside-air
condition transition forecasting section 21. When a correc-
tion program is executed (step 500), the outside-air condi-
tion transition forecasting section 21 reads 1n the forecasted
result of the transition of the outside-air condition on that
day from the past outside-air condition record database 25
(step 502). Then, the outside-air condition transition fore-
casting section reads 1n the measured result of the outside-air
condition on that day from the same database 25 (step 504).
A difference between the forecasted result and the measured
result of the outside-air condition 1s compared with a pre-
viously set permissible value (step 506). When the differ-
ence 15 larger than the permissible value, the outside-air
condition transition forecasting method of the outside-air
condition transition forecasting section 21 1s corrected auto-
matically. Thus, the forecast accuracy for the air-
conditioning thermal load in the air-conditioning thermal
load predicting section 22 can be improved to provide the
service having high reliability.

More particularly, the outside-air temperature on that day
1s measured and the temporal change rate thereof 1s calcu-
lated. A difference between the temporal change rate calcu-
lated from the measured outside-air temperature and the
temporal change rate of the transition value of the outside-
air temperature forecasted 1s calculated. When the difference
exceeds a permissible value, a coefficient in a temporal
variation term of the outside-air temperature and humidity in
a forecast equation used to forecast the transition of the
outside-air temperature 1s corrected so that the forecasted
value on that day 1s equal to the measured value. Thereafter,
the corrected coeflicient 1s used to forecast the transition of
the outside-air temperature.

FIG. 6 shows an example of a data format of the past
outside-air condition record database 25. A dedicated file for
cach of the semiconductor manufacturing factories 1s pro-
vided 1n the past outside-air condition record database 25.
Date, time, forecasted result of outside-air temperature,
measured results of outside-air temperature and absolute
outside-air humidity and the like are stored in each file
sequentially. The dedicated file 1s provided for each of the
semiconductor manufacturing factories, so that information
for each of the semiconductor manufacturing factories can
be extracted promptly.

FIG. 7 shows an example of an outside-air condition
record displayed in the customer terminal. In FIG. 7, the
forecasted result and the measured result of the outside-air
temperature are displayed in each of the customer terminals
2A, 2B, . . . Further, a record 1in one day 1s displayed 1 a
oraph having the abscissa axis representing time and the
ordinate axis representing temperature. In FIG. 7, an
outside-air humidity record 1s not displayed, while 1t 1is
needless to say that the outside-air humidity record can be
displayed similarly.

FIG. 8 shows an example of the air-conditioning equip-
ment controlling method displayed 1n. the customer termi-
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nal. In FIG. 8, the operation state. for each of the air-
conditioning equipments constituting the air-conditioning
system 1s displayed in each of the customer terminals 2A,
2B, . . . The operation state 1s displayed 1n a graph having
the abscissa axis representing time and the ordinate axis
representing the number of equipments 1n operation.
Although the air-conditioning equipment includes a lot of
apparatuses such as the refrigerators and the pumps, when a
name of an apparatus is selectively mputted from a menu in
cach of the customer terminals 2A, 2B, . . . , information
concerning a desired air-conditioning equipment 1s obtained.
In FIG. 8, the number of refrigerators in operation of the
same kind 1s displayed, while an operation condition of an
apparatus 1itself, for example, an operation or stop state
thereof may be displayed.

FIG. 9 shows an example of a state of energy used 1n the
air-conditioning equipment displayed in the customer ter-
minal. An amount of used energy inputted previously to the
amount-of-energy-used collection and addition section 24
before 1mplementation of the service for providing the
air-conditioning equipment controlling method and an
amount of used energy measured by the amount-of-energy-
used measurement sections 4A, 4B, . . . after the implemen-
tation of the service are displayed in each of the customer
terminals 2A, 2B, . . . Further, the amounts are also displayed
in a graph having the abscissa axis representing date and the
ordinate axis representing an amount of energy used. In
addition, a difference of the amounts of energy used between
before and after the implementation of the service and an
amount of money for energy corresponding to the difference
are also displayed therein. Accordingly, the amount of
energy used of the air-conditioning system and the saving
cifect of energy can be grasped casily.

The displayed contents shown 1mn FIGS. 6 to 9 may be
displayed 1n all of the customer terminals at the same time
and only desired contents may be displayed in the customer
terminal by selective mputting by the worker. Further, even
in any ol embodiments, since the air-conditioning thermal
load 1s predicted, the energy supply company can predict the
amount of energy to be supplied. Accordingly, the situation
that an amount of electric power generated 1s lacking or
excessive can be avoided 1n the business plan of the energy
supply company, for example, when the power generation
company makes an operation plan of the power generation
apparatuses. Moreover, since the energy supply company
can supply energy stably, the reliability 1s improved and the
saving ol energy 1s attained.

According to the present invention, since the air-
conditioning thermal loads are classified into loads depend-
ing on the outside-air condition and loads varied on the basis
of a product plan and each of them 1s predicted separately,
the amount of energy to be supplied can be predicted.
Accordingly, 1t can be avoided that energy 1s used vainly 1n
the factory or company such as the semiconductor manu-
facturing factory which consumes a large amount of electric
POWET.

What 1s claimed 1s:

1. An air-conditioning controlling system for providing a
controlling method of an air-conditioning equipment includ-
ing a number of control components to a factory or company
provided with said air conditioning equipment from an
operation management company, wherein air-conditioning
loads 1n said factory or company are classified into loads
depending on an outside-air condition and loads based on a
product plan and said operation management company pro-
vides said control method of controlling said control com-
ponents constituting said air-conditioning equipment with
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sald loads depending on the outside-air condition on the
basis of a forecasted outside-air condition on that day
calculated from past outside-air condition records on and
before the previous data at least and of controlling said
control components constituting said air-conditioning equip-
ment with said loads based on said product plan 1n substan-
fially the same condition as on the previous day, to said
factory or company.

2. An air-conditioning controlling system according to
claim 1, wherein said operation management company
includes a past outside-air condition record database in
which past records of outside-air conditions on and before
the previous day are stored and an air-condifioning thermal
load database and predicts loads depending on outside-air
conditions on that day on basis of a forecasted maximum
temperature on that day obtained from weather forecast
providing means through a network, past outside-air condi-
fion record data and load data on and before the previous
day.

3. An air-conditioning controlling system according to
claim 1, wherein said operation management company
sequentially corrects a coeflicient in a temporal variation
term of a forecast equation for outside-air temperature and
humidity on the basis of a time change rate of a measured
value of an outside-air temperature on that day when a
difference between the time change rate of the measured
value of the outside-air temperature on that day and a time
change rate of a transition value of a forecasted outside-air
temperature 1s larger than a predetermined permissible
value.

4. An air-conditioning controlling system 1n a semicon-
ductor manufacturing factory connected to an operation
management company through a network, wherein

said operation management company includes forecast
means for forecasting a transition of an outside-air
condition on that day, air-conditioning thermal load
predicting means for predicting an air-conditioning
thermal load, means for analyzing an air-conditioning
controlling method, means for collecting and adding
amounts of energy used, and a first local network for
connecting said above-mentioned means; and

said semiconductor manufacturing factory includes
means for measuring an outside-air condition, customer
terminals, means for measuring an amount of energy
used, means for measuring an operating state of air-
conditioning equipments, a second local network for
connecting said measuring means, and air-conditioning
equipments for air-conditioning semiconductor manu-
facturing facilities;

a past outside-air condition record database, an air-
condifioning equipment characteristic database, a set-
temperature-and-humidity-of-air-conditioning-
equipment database and an air-conditioning thermal
load database being connected to any of said first or
second local network;

weather forecast providing means being connected to said
first local network through the internet or a public
network;

results measured by said outside-air condition measuring
means being stored 1n said past outside-air condition
record database;

said outside-air condition transition forecasting means
forecasting a ftransition in future of an outside-air
condition on the basis of information stored 1n said past
outside-air condition record database and mformation

provided by said weather forecast providing means;
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information of thermal loads generated 1n said semicon-
ductor manufacturing facilities being stored 1n said
air-conditioning thermal load database;

said air-conditioning thermal load predicting means pre-
dicting a thermal load 1n future in said semiconductor
manufacturing factory on the basis of information
acquired from said outside-air condition transition fore-
casting means and said air-conditioning thermal load
database through said first local network;

set values of temperature and humidity of said air-
conditioning equipments being stored 1 said set-
temperature-and-humidity-of-air-conditioning-
equipment database;

said air-conditioning controlling method analyzing means
analyzing said controlling method of said air-
condifioning equipments on the basis of information
acquired from said air-conditioning thermal load pre-
dicting means, said air-conditioning equipment charac-
teristic database and said set-temperature-and-
humidity-of-air-conditioning-equipment database;

said customer terminals displaying at least one of infor-
mation acquired from said outside-air condition tran-
sition forecasting means, said air-conditioning thermal

load predicting means and said air-conditioning con-

trolling method analyzing means through the 1nternet or
the public network;

said outside-air condition measuring means, said past
outside-air condition record database, said weather
forecast providing means, said outside-air condition
forecasting means, said air-conditioning thermal load
database, said air-conditioning thermal load predicting
means, said air-conditioning equipment characteristic
database, said set-temperature-and-humidity-of-air-
conditioning-equipment database, said air-conditioning
controlling method analyzing means and said terminal
units being connected through the internet or the public
network.

5. An air-conditioning controlling system according to
claim 4, wherein said semiconductor manufacturing factory
includes controlling method storing means for storing an
analyzed result of said air-conditioning controlling method
analyzing means and controlling means for acquiring infor-
mation stored 1n said controlling method storing means and
controlling said air-conditioning equipment, and said con-
trolling method storing means and said controlling means
are connected to said second local network.

6. An air-conditioning controlling system according to
claim 4, wherein said semiconductor manufacturing factory
includes said past outside-air condition record database, said
air-conditioning equipment characteristic database, and said
set-temperature-and-humidity-of-air-conditioning-
equipment database, and said databases are connected to
sald second local database, said operation management
company being connected to the internet or the public
network so that said management company can acquire
information stored 1n said databases.

7. An air-conditioning controlling system according to
claim 4, wherein said semiconductor manufacturing factory
includes said means for measuring an amount of energy used
in said air-conditioning equipment, and said operation man-
agement company includes amount-of-energy-used collec-
tion and addition means for collecting and adding a mea-
sured result of said amount-of-energy-used measuring
means, said amount-of-energy-used measuring means and
said amount-of-energy-used collection and addition means
being connected through the internet or the public network,
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an amount of energy used collected and added by said
amount-of-energy-used collection and addition means being
capable of being displayed in said terminal unit.

8. An air-conditioning controlling system according to
claim 4, wherein when a difference between information
forecasted by said outside-air condition transition forecast-
ing means and information measured by said outside-air
condition measuring means exceeds a predetermined per-
missible value, said outside-air condition transition forecast-
Ing means corrects a forecasting method.

9. An air-conditioning controlling system according to
claim 4, comprising selectively mputting means capable of
changing display contents in said terminal unit.

10. An air-conditioning controlling system according to
claim 4, wherein said semiconductor manufacturing factory
pays an amount of money obtained by multiplying a differ-

10

15

16

ence between an amount of energy used 1n said semicon-
ductor manufacturing factory, previously obtained before
implementation of the air-conditioning control and an
amount of energy used upon the air-conditioning control,
obtained by said amount-of-energy-used collection and
addition means by a charge rate as an operation management
charge to said operation management company.

11. An air-conditioning controlling system according to
claim 4, wherein said semiconductor manufacturing factory
pays an amount of money corresponding to a value obtained
by multiplication of a period that the air-conditioning con-
trol 1s implemented, the number of air-conditioning equip-
ments and a predetermined charge rate to said operation
management company.
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